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Illustrations of Fossil Footmarks. 277 

ART. XVII. - ILLUSTRATIONS OF FOSSIL FOOTMARKS. By James 

Daans, M. D. Read Feb. 19, 1845. 

The design of this memoir is to present some obvious facts 
and ideas connected with the recent discovery of footprints 
upon the stratified sand-stones of Connecticut River. Those 
who have not access to original examples, can hardly compre- 
hend the intrinsic properties of these fossils, much less appre- 
ciate the profound truths they reveal. The descriptions, which 
are brief, will be elucidated by pictorial auxiliaries, without 
which it would be an impossible task to convey adequate 
notions of these beautiful, splendid mementos of beings long 
since swept from the earth. 

It was not, indeed, until recently acknowledged that these 
vestiges were due to animals, whose organization was doubtless 
perfect as those of living types ; but a true interpretation 
unseals a long chapter of the earth's infant history. This 
doctrine is no longer controverted, or, at least, it is recognized 
by all who have examined the facts. It may be resisted when 
conflicting with cherished opinions ; for the discovery fixes 
the limits of perfect forms of animated existence immensely 
lower in the scale of advancement than hitherto had been 
established. " The discovery," says a distinguished author, 1 
" upon the sands of the great Triassic ocean, was as unex- 
pected and startling as the human footsteps to Crusoe on his 
desolate island." The announcement that signs of air-breath- 
ing, warm-blooded animals existed upon a rock of the geo- 
logical antiquity of the new red sandstone, was an innovation 
upon the systems of modern geology, and was received with 
extreme caution. But I must here be allowed to assert that I 
never once doubted that the impressions were due to the 
agency of extinct birds, nor hesitated to describe them as 
such ; and the opinions originally advanced, founded upon 
incontestable analogies, finally prevailed. 

1 Man tell, Medah of Creation. 
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278 Dr. Deane's Illustrations 

Several obstacles concurred to create suspicion : the relative 
age of the rock, the high point of perfection which the im- 
pressions indicated, the anomalous size of many of the creatures, 
and, above all, the impossibility of seeing original specimens. 
It was contended that they might have been produced under 
adventitious circumstances, or be assigned to huge biped 
reptiles, inasmuch as quadrupedal monsters existed in this 
remote era, which was emphatically one of colossal life. But 
these evasive objections could not resist the force of facts, and 
were successively overthrown. It seems incredible that there 
should be any pause in acknowledging the unavoidable origin 
of the impressions. It might as well be denied that recent 
imprints upon snow were made by existing animals. From 
the laminated structure of the rock, it had, for a long time, 
been used in various domestic ways ; it had been made the 
object of scientific examination ; yet, with every favorable op- 
portunity for discovery, it was not finally made until 1835, 
and then by accident. But it is unnecessary now to narrate 
particulars. 

In the demonstration of these fossils, we must apply the 
laws of comparison ; or, in laying down the proposition that 
they are referable to birds, their relations to existing types must 
appear. PI. XXII. f. 4, represents the osseous distal extremity 
and phalanges of the Heron (Ardea cinerea) left foot. Count- 
ing the ranks in each individual toe, the inner one has two, 
the middle three, and the outer four (excluding the posterior 
toe.) Now this is the method in existing tridactylous birds, 
and is the basis of analogy. When we examine the foot, or 
trace its impression upon yielding snow or mud, the number 
and order of the lobate swellings corresponds to the divi- 
sions shown by the engraving. The insertion of the nails is 
identical in the living and extinct species. If it can be further 
proved that the number of feet and the order of progression 
corresponds, we then have irrefragable proof of the kindred 
affinities of extinct and existing races. These conditions do 
invariably exist. The faultless impressions, represented by 
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of Fossil Footmarks. 279 

re: the drawings, compare with no created thing other than the 
tit footprints of birds. In rare instances even, the papillose im- 
pressions of the integuments are true to the very life. In 
pursuing the line of footsteps upon the rock, it is invariably 
composed of alternate feet, the long and short toes in their 
relative positions, and the middle one pointing out the place 
of the advanced opposite foot. These unequivocal analogies 
therefore prove, what was self-evident, that no other known 
animal could have produced the impressions upon the sand- 
stone rocks. 

An inspection of the plates, it is believed, cannot fail to 
overwhelm all doubts as to the nature of these splendid fossils. 
f> Each represents a foot specifically distinct, yet the general 
z resemblance is very striking. The toes in these examples are 
e - exceedingly massive : a provision adapted to resist the soft 
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k bottoms traversed by the birds. PI. XXIII. f. 1, is a fac-simile 

- of a superb species found nowhere but at Turner's Falls. It was 

, a short-legged, heavy bird, as we know by the shortness of the 

stride as compared with its size, by the zigzag direction of a 

line connecting the impressions, and by their depth even upon 

( consolidated mud. Fig. 3, in the diagram, represents the 

comparative size of the foot with the stride, which was, in this 

instance, 14 inches, and also the irregular direction from step 

to step. The weight of this bird was such that the bottom of 

the impress is moulded smooth as glass, and the toes sink so 
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deep that the form of the heel, or metatarsal protuberances, is 
also impressed. There is a numerous class of impressions at 
Turner's Falls, having a strong family likeness to this species, 
differing but little except in size. It consists of all grades, 
from that of the plate down to two inches in length, having 
the same thick, stout toes, blunt nails and heel depressions. 
So intimate is the resemblance that it is impossible to separate 
them into specific divisions. As an existing fact of their being 
merely different individuals of the same family, the imprints 
are almost always associated upon the same surface. I have 
a slab in my cabinet, nine feet long by four wide, which con- 
tains sixty fine imprints arranged in nine or ten independent 
lines, and although the size of feet and length of stride differs 
materially, I can detect no other certain specific characters. 
In the collection of Dr. A. Binney, of Boston, is a beautiful 
example of this class derived from Turner's Falls. 

It may be inferred that PI. XXIII. fig. 3, is an individual of 
this group, but it is not so. It certainly presents a similitude 
to the eye, but the nails are very short. It is a graceful, little 
footstep, and belongs to a light, tall bird, and constitutes a 
perfect contrast to the preceding example. This is inferred 
from its immense stride as compared with its diminutive foot, 
and from the fact that the feet fall in nearly a direct line. 
Fig. 1, in the diagram, shows these relations. The stride is 
twenty-one inches, or one-half longer than Fig. 3. I have 
seen too many instances of this variety to suppose that this is 
a running gait ; besides, there is always a slipping of the foot 
when the bird runs, the impress often being several inches 
advanced from the spot where the foot first strikes the ground. 
This beautiful species is found only at Turner's Falls, and is 
very rare. 

In PI. XXIII. fig. 2, we see the representative of a race of 
large birds, some individuals of which attained an enormous 
size. They were elevated upon long legs, as the stride indicates, 
which, in this instance, was twenty-eight inches, and it is often 
nearly four feet. Fig. 2, in the diagram, shows the relations. 
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The original of the plate is extremely shallow, the clay being 
ranch indurated at the time when the impression of the foot 
was given. This we know by the flattening of the phalangeal 
protuberances, and because the points only of the claws are 
to be traced. This is a splendid example of these speaking 
inscriptions of past times. The class represented by it em* 
braces examples from three inches, and, I believe, less than 
that, to fourteen inches in length. I presented a specimen of 
the latter measure to Dr. Mantell, of England, the joints of 
which were thoroughly flattened by the resistance of the stif- 
fened mud to the enormous pressure. Its middle toe was 
eight and one half inches in length exclusive of the claw, and 
its geometrical figure was identical with the central toe of the 
plate. I have a large slab in my collection, transversed by 
five individuals, whose feet present a remarkable difference in 
size, but are conformable in all other respects. There is one 
peculiarity that characterizes this species, which is the slight 
divergence of the toes, these members lying in contact, simply 
forcing up an attenuated ridge of mud between them. Another 
peculiarity forms a contrast to this feature, and it is the di- 
vergence of the claws of the lateral toes, which point outward 
at a great angle, while the toes are arranged in parallel order 
nearly. I am sure that the flatness of the joints is caused by the 
resistance of an unyielding medium. This prominent species 
is widely distributed through the layers, its great physical 
powers sustaining it through a great proportion of the period 
of the sandstone deposition. 

It will be understood by these remarks how difficult it is to 
arrange many of the footprints by specific nomenclature. The 
numbers sustaining affinities to the foregoing species and to 
many others, are great, and I have ever hesitated to apply 
specific names to such examples as I have discovered or de- 
scribed. If the footprints were collected into families or 
groups, according to their affinities, and represented by elabo- 
rate drawings, it would constitute a feasible method of con* 
veying ideas of the diversity, elegance and beauty of these 
vol. v. 19 
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remarkable fossils. The utility of artificial nomenclature baaed 
upon modifications of a single organ of the animal economy, 
appears to me to be questionable ; it is by the eye alone that 
we judge of distinctions, it is the form and not the substance 
that we investigate. Many of these forms, it is true, exhibit 
the clearest specific characters ; but, on the other hand, many, 
equally distinct, cannot be separated and arranged by mere 
methods of classification, however ingenious, so as to convey 
to the mind positive ideas of distinction from others so nearly 
resembling them. I, of course, do not speak in disparagement 
of the opinions entertained by others who are better qualified 
to decide upon and execute a different measure, but simply 
state the difficulties always to be encountered in any classifi- 
cation of this subject, whether artificial or natural. 

The immense magnitude of some of these footprints is 
extremely well calculated to fill us with amazement. I have 
just spoken of a footstep fourteen inches in length ; but I have 
in my possession consecutive impressions of a tridactylous foot 
which measures eighteen inches in length by fourteen in 
breadth, between the extremities of the lateral toes. These 
stupendous vestiges were recovered by Mr. Marsh and myself 
at South Hadley Falls. Each step will hold half a gallon of 
water, and the stride is four feet. It is not possible to con- 
ceive of the grandeur and magnificent proportions of this 
tremendous bird. It was, upon the lowest supposition, four 
or five times larger than the African ostrich, and, on this basis, 
could not have weighed less than six hundred pounds. In all 
probability, its weight was much beyond this estimate. Every 
step the creature took, sank deep into the stratum, and the 
substrata bent beneath the enormous load. If an ox walk 
over stiffened clay, he would not sink so deeply as did this 
mighty bird. He sustained to the feathered tribes of his day 
the relations of the ostrich to existing races, and his colossal 
frame well fitted him to endure the turbulence of the era in 
which he reigned — the supreme monarch of his race, and the 
unconquered cotemporary of the leviathans that filled the seas 
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which supplied him with subsistence. Throughout the period 
of the entire deposition of the new red sandstone, his gigantic 
traces abound ; while other varieties, although powerful, seem 
to have been successively annihilated. 

On the other extreme, there are footprints not one inch in 
length, with a stride of three or four inches, and between 
these limits there is an easy grade, in point of dimensions. 
Many have the fourth toe projecting backward, like the 
heron, with sometimes a claw standing out at right angles, or 
nearly so, from it. Some few have an immense projection of 
the heel backward, larger indeed than the foot itself. There 
is a slab in this place, forming the ceiling of a vault, contain- 
ing two consecutive impressions of enormous size, stride four 
feet, with three immense toes, and an appendage pointing 
directly backward nearly half a yard in length, and several 
inches in breadth. The diversity is truly astonishing, and, 
view the subject in any of its aspects, we turn from the con- 
templation in astonishment. As a family or order these birds 
were doubtless waders, having left their traces upon the mud- 
dy shores and shallow bottoms of the ancient waters. They 
are therefore intimately related to the existing Order Grallee. 
I have never seen but a single species that appears to be 
palmated, or at most semipalmated. 

These birds existed over a country of great extent, from 
the northern terminus of the sandstone basin in Gill, Massa- 
chusetts, into Connecticut, where they disappear ; but indica- 
tions of them have been discovered in New Jersey, and indeed 
in Pennsylvania, in a rock of still greater age. They occur 
upon both banks of the Connecticut, but invariably upon the 
eastern declivity of the Trap formation, upon which the sand- 
stone inclines, and the evolution of the igneous might not 
only have been the elevating agent of the sandstone rock, but 
also of its conversion into solid rock. The irruption of the 
igneous rock occurred upon the upper verge of the stratified 
portion of the sandstone formation, where it was alternately 
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submerged and exposed to the solar action when it was the 
resort of multitudes of birds, great and small. 

Quadrupeds congregated with the birds. The species 
whose imprints I have discovered are quite small, apparently 
of the Batrachian or marsupial order, there being the same 
relative distinction between the anterior and posterior feet. 
Bones have not yet been found associated with imprints ; it 
may be that the argillaceous materials of the rock destroyed 
them, but the probable conjecture is, that if the bodies of 
these animals were deposited upon the narrow tract upon 
which the footsteps were impressed, they were swept away by 
the succeeding overflow of the waters. The sandstone beds 
are inclined between five and thirty degrees, and it is of 
course upon the upper extremity or limit of the inclined sur- 
faces that explorations are made. These sandstone rocks are 
truly prolific in the evidences of ancient life, and the zealous 
explorer of their contents will never go unrewarded for his 
labors. In this brief notice there are many important con- 
siderations which cannot even be alluded to; it is necessarily 
very imperfect, written without method or arrangement ; but if 
any ideas have been communicated or confirmed, it will not 
have been written in vain, and the subject may be resumed 
at a future time. 

These eloquent inscriptions upon the sandstones of Con- 
necticut River teach a lesson and a moral which the genius 
of man never has accomplished. They teach us of the un- 
changeableness of creative design in perpetuating races of 
animals through a period of time which cannot be compre- 
hended or even conjectured, contrasted with the frailty of all 
human schemes. The transit of a bird over the earth's sur- 
face is as enduring as the earth itself, while the proudest mon- 
uments of man crumble to dust, or, as it ia faithfully expressed, 
the places that once knew him know him no more forever. 
Greenfield, Auguit, IMS. 
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